Introduction
A decline in fertility rates and an increase in longevity has led to a growth in the number and proportion of individuals aged 55 years and over in populations in Europe. Nowadays, these individuals are significantly more involved in society than in years past. 1 Work participation has increased, as well as participation in volunteer activities and informal care giving. 2, 3 Societal participation refers to performing activities that are of benefit to individuals, groups or society as a whole. 4 In the present study, societal participation is defined as participation in paid work, volunteer activities and informal care giving.
Previous studies provide two explanations for the increase in societal participation. First, higher education and better health have led to an increase in societal participation of individuals of 55 years and older compared to older birth cohorts. 1, [5] [6] [7] Second, due to population ageing, social security systems and health care systems need reformation to keep up with increasing costs. 8 Therefore, governments have started to consider policies aimed at promoting participation in paid and unpaid work. 7 Policy measures to increase labour force participation of European individuals aged 55 years and older have included an increase in official retirement age and the abolishment of early retirement schemes. Both measures have resulted in an increase in the average retirement age in Europe. [9] [10] [11] For example, the average retirement age in the Netherlands increased from 60.7 years in 2002 to 63.5 years in 2012. 12 Healthcare reforms have led to an increase in informal care giving in European countries. 8 One of these reforms was the introduction of the Social Support Act in the Netherlands in 2007. 13 The aim of this law was to enhance home-based care delivered by significant others instead of institutionalised care, 13 and this has led to an increase in informal care giving.
14 If necessary, individuals provide informal care without respect to motivation, skills or caregiver health. 15 It can be argued that when participation in paid work and informal care giving increases, participation in volunteer activities decreases due to the finite amount of time and energy an individual has available. 16 The prevalence of chronic disease has increased over the last decade in Europe. 17 In 2011, while 31.8% of the working age population of the European Union had a chronic disease, 18 more than half the individuals aged 55 years and older had a chronic disease. 2 Individuals with a chronic disease may experience limitations in physical or mental functioning and find it more difficult to participate in paid work, informal care giving or volunteer activities. 16, 19, 20 The increase of the official retirement age, the abolishment of early retirement schemes and the introduction of the Social Support Act have probably increased societal participation in the Netherlands during recent years. An increase in societal participation might be beneficial for well-being, since participation gives individuals a sense of having a meaningful role in society. 21, 22 This study aims to provide insight into the societal participation of individuals aged 55-64 years with and without a chronic disease in 2002/2003 and 2012/2013 . This leads to the following research questions:
(1) Does participation in paid work, volunteer activities and informal care giving differ between individuals with and without a chronic disease? (2) 
Methods

Study population
The study population was selected from the Longitudinal Aging Study Amsterdam (LASA). LASA is an ongoing multidisciplinary longitudinal study with a sample of participants aged 55-85 years from three nationally representative regions in the Netherlands. , an additional sample of respondents aged 55-65 years was recruited from the same sampling frame. 23, 24 LASA's aim is to study the determinants, trajectories and consequences of physical, cognitive, emotional and social functioning in relation to ageing. 23, 24 Inclusion and exclusion criteria To enable a comparison of the three forms of societal participation, we focused on the group eligible to participate in paid work. The age limit of 64 years was chosen because the statutory retirement age in 
Outcome: societal participation
Paid job status was defined by a person indicating they had a paid job (full-time or part-time) at the time of the interview. Volunteer activities were measured by a binary variable specifying whether the respondent was involved in executive boards and/or conducted chores in voluntary associations. Informal care giving was defined as providing personal care or help with domestic tasks.
For the first and second research question, the reference group in the analyses consisted of participants who did not participate in paid work, volunteer activities or informal care giving. For the third research question, only participation in paid work was used as a reference group.
Main independent variable: having a chronic disease
Participants were asked to indicate whether they had the following diseases: chronic non-specific lung disease, heart disease, peripheral artery disease, diabetes mellitus, stroke, osteoarthritis, rheumatoid arthritis, cancer, incontinence or other disease. In addition, we added a group with depression based on a score of at least 16 points on the Center for Epidemiological Studies Depression scale (CES-D). This questionnaire has been shown to have good criterion validity in a general population. 25 A dichotomous variable specified whether a participant had one or more of these chronic diseases or had none.
Confounders
Gender (female; male), age (years), education, physical activity and household income were all included as confounders in the analyses. Education was categorized into low (elementary not completed, elementary, lower vocational), intermediate (general intermediate, intermediate vocational, general secondary) and high (higher vocational, college, university). Physical activity was addressed by asking how often and how long in the past 2 weeks the respondent engaged in the following activities: walking outdoors, bicycling, gardening, light household, heavy household and two sports activities. The amount of physical activity was measured by the intensity weighted physical activity. The Metabolic Equivalent (MET) score of each activity was multiplied by the frequency and duration of the activity. Participants' physical activity scores were summed to calculate the intensity weighted total physical activity. 26, 27 Financial situation was measured by net monthly household income. Income was dichotomized into less than or equal to and more than median income. For participants living with a partner, household income was multiplied by 0.7 to enable direct comparisons with one-person households.
Analyses
Descriptive statistics provided the percent of participants involved in paid work, volunteer activities or informal care giving for participants with and without a chronic disease. First, the correlation coefficients between variables were computed. If the correlations were above 0.70, the strongest variable was selected. In the second step, logistic regressions with performing paid work, volunteer activities or informal care giving as outcomes and with having a chronic disease as main independent variable (crude analysis) were performed. In the next step, models were adjusted for sociodemographic confounders. Finally, the models were adjusted for other forms of societal participation.
To answer the second research question, crude and adjusted logistic regression analyses were presented separately for having a chronic disease and year. A multiplicative and additive interaction term between cohort membership (2002/2003 or 2012/2013) and chronic disease (yes/no) was included in the analysis. 28 Multiplicative effect modification was demonstrated if the interaction term was significant at the 10% level. Additive effect modification was assessed by calculating the Relative Excess Risk due to Interaction (RERI) If RERI is not equal to zero, an additive effect modification is present. 29 The 95% confidence interval was calculated using the delta method in Excel. 30 Multiplicative interaction terms for gender and chronic disease were tested for informal care giving. None were significant. Table 1 shows the characteristics of the total study population.
Participants with a chronic disease were less likely to have paid work compared to participants without a chronic disease (OR: 0.64; 95%CI: 0.48-0.85). No statistically significant differences were found for volunteer activities or informal care giving (table 2) The interaction terms were not statistically significant. Table 3 of the supplementary file shows the results of the combinations of the three forms of societal participation. We found a positive significant association for participants with chronic disease for volunteer activities (OR: 1.78; 95%CI: 1.08-2.94) compared to having paid work.
Discussion
This study investigated differences in societal participation between individuals aged 55-64 years with and without a chronic disease in paid work, volunteer activities and informal care giving in 2 year cohorts. We found that participants with a chronic disease were less likely to participate in paid work compared to participants without a chronic disease in 2002/2003. However, the association did not remain statistically significant in 2012/2013. A second main finding was that all participants were more likely to participate in paid work in 2012/2013 compared to 2002/2003. Moreover, within the group who participated in society, individuals with a chronic disease were more likely to participate in volunteer activities than paid work. We did not find differences in informal care giving for the two groups.
Participation in paid work
Previous research has shown that individuals with a chronic disease are less often involved in paid work. 20 Our findings are in line with this. The difference in participation in paid work may be due to barriers such as health problems or functional limitations. . This is likely due to the abolishment of early retirement schemes in Europe that has led to an increase in the average retirement age, and thus more work participation among individuals aged 55 years and older. 31 After 2005, it has become more difficult to be granted a work disability pension. 32 Therefore, individuals with a chronic disease might have continued participation in paid work more often after 2005. a: The models for paid work, volunteer activities and informal care were adjusted for gender, age, education, physical activity, income and societal participation. 
Participation in volunteer activities
It was shown that having a chronic disease was not associated with participation in volunteer activities in this study. Our finding is in line with previous research that showed that individuals with a chronic disease participate less in society if they have poor selfassessed health or experience functional limitations. [1] [2] [3] 20 Since the increase of functional limitations between 2002/2003 and 2012/2013 is less than the increase in chronic diseases, this could have resulted in fewer barriers for individuals with a chronic disease to participate in society overall. 3, 20 No time effect for participation in volunteer activities was found in this study. This might have to do with the selected age range of 55-64 years. At this age, individuals are still more likely to participate in paid work and thus have less time available for volunteer activities.
Participation in informal care giving
The present study did not show significant differences between individuals with and without a chronic disease in providing informal care. There may be no sufficient alternatives for informal care available, or individuals may feel obliged to provide informal care, regardless of caregiver health, motivation or skills. 3, 33 Moreover, the present study showed that there was no increase in informal care giving in 2012/2013 compared to 2002/2003. It may be the case that shrinking family sizes and increased labour force participation limits the supply of informal caregivers. 34, 35 Participation in more than one form of societal participation
Within the group in this study that participated in society, individuals with a chronic disease were more likely to participate in volunteer activities than in paid work. For individuals with a chronic disease, participation in volunteer activities might serve as an alternative for participating in paid work given the higher flexibility in volunteer activities compared to paid work. With regard to combining roles, previous studies have shown that a high proportion of workers are able to combine their work with informal care giving and do not experience adverse effects, such as being forced to cut back on working hours or health deterioration. 36, 37 These studies did not differentiate between workers with and without chronic disease. However, the role strain theory states that combinations of societal participation increase demands placed on individuals. Individuals working full time may not have enough time or resources to adequately fulfil multiple roles. 37 
Strengths and limitations
The strength of this study is that a relatively large group of individuals aged 55 years and older who participate in various roles was included. Limitations of the present study include its cross-sectional design, which makes it difficult to distinguish cause and consequence. Logical reasoning supports the hypothesis that it is more likely that a chronic disease impacts societal participation than vice versa. Second, whether participants had a chronic disease was partially based on self-reports and partially on a depression symptom scale. The agreement between self-reports and medical records of the participants' general practitioners was satisfactory. 38 CES-D scores correlate to clinical ratings of depression, and a score above the cut-off used in this study corresponds with clinically relevant levels of depression. 25 Finally, the sample size might have been too small to show statistically significant differences between the various forms of societal participation. Although, since the effect sizes for volunteer activities and informal care giving were rather small, we do not believe we missed major effects.
Implications for research and practice
Future studies should replicate our investigation with larger datasets, in particular with regard to role combinations. An important direction for future research may be to focus on specific chronic diseases. The effects of chronic diseases on some forms of societal participation may be levelled out by focussing on a group with a specific chronic disease. Specific chronic diseases may affect societal participation in disparate ways. Since we were unable to determine the intensity of participation in these three societal roles, a next step would be to focus on the number of weekly hours doing paid work, volunteer activities and informal care giving. It is already known that workers with a chronic disease work fewer hours per week compared to those without chronic disease. Similar processes may apply for volunteer activities and informal care giving. Given the increase in societal pressure in Europe to participate in paid work and informal care giving, it is expected that individuals with chronic diseases may be pushed into societal participation. This potentially vulnerable group's participation in society and how the changing societal context may change their societal participation in the future require ongoing attention. Finally, it would be valuable to gain insight into how individuals with a chronic disease experience societal participation, and how their health changes over time. We cannot rule out the possibility that the group with chronic disease does participate in society, but to a lesser extent than those without a chronic disease, or perceives limitations during societal participation that may eventually lead to withdrawing from or reducing their societal participation. The present study showed that individuals with a chronic disease were less likely to have paid work than individuals without a chronic disease. In addition, compared to individuals without a chronic disease, those with a chronic disease are more likely to participate in volunteer activities than in paid work. Future research should focus on the type and severity of the disease and the intensity of societal participation in paid work, volunteer activities and informal care giving due to heterogeneity within the group of individuals with chronic diseases.
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Our findings imply that more research should be done and focus on specific chronic diseases since they may affect societal participation in disparate ways
